A fragment containing J chain was released from human polymeric myeloma IgA protein by cyanogen bromide cleavage. The identity of the fragment was determined by its electrophoretic mobility and antigenic determinants. After purification by gel filtrations and DEAE-Sephadex chromatography, this fraction appeared similar (with respect to its amino acid and carbohydrate compositions and its peptide maps) to the J chain isolated from this IgA protein; the molecular weight was 17,000 i 100. Upon reduction and alkylation, with subsequent separation of peptides by gel filtration, three components were obtained: the largest component (molecular weight 13,400) corresponded to the N-terminal segment of J chain and contained a homoserine residue, the second corresponded to the C-terminal part of J chain with 13-18 amino acid residues, and the third corresponded to the C-terminal octapeptide of the a chain. The data indicate that J chain is attached to a chain(s) through the penultimate cysteine residue of the C-terminal octapeptide.
In addition to heavy and light chains, human and animal polymeric immunoglobulins contain a polypeptide termed J chain (1-7) with a molecular weight of 15,600 4-200 (5, 8, 9) . Studies of immunofluorescence and biosynthesis indicated that J chain was produced in plasma cells that synthesized IgA and IgM molecules (10) (11) (12) . On the basis of the absence of J chain in monomeric and its presence in all polymeric immunoglobulins examined, its relatively large content of cysteine residues, and its disulfide bond attachment to immunoglobulin molecules, it was suggested that J chain joins the monomeric units of IgA and IgM to form, in an undefined manner, the respective polymeric molecules (13) . Although the precise location of the disulfide linkages of J chain to IgA and IgM molecules has not been elucidated, studies on the products of proteolysis of these immunoglobulins strongly suggested an attachment in the Fc region of the heavy chain; the Fab and F(ab)2 fragments were devoid of J chain (14) (15) (16) .
It has been shown that J chain contains one methionine residue near the carboxy terminus (17) . Therefore, part of the J chain linked by disulfide bonds to one or more heavy chain fragments should be present after cleavage with CNBr. This approach was applied for identification of the a-chain portion involved in the binding of J chain in a polymeric myeloma IgA. In this communication we present evidence which indicates that J chain is linked to the penultimate cysteine residue of the a chain(s).
MATERIAL AND METHODS
Purification and Characteristics of Polymeric IgA. Blood plasma from a patient (Fel) with IgA multiple myeloma was recalcified to remove fibrinogen, and a crude gamma globulin fraction was obtained by precipitation with ammonium sulfate to 50% saturation. The precipitate was collected by centrifugation and dialyzed against saline buffered with Tris -HCl at pH 7.4 and subsequently gel filtered through Sephadex G-200 and Sepharose 6-B as described in detail in a previous communication (18) . The resultant fraction, which contained IgA, was dialyzed against 0.01 M sodium phosphate buffer (pH 7.5) with 0.1 M NaCl, and applied to a DEAESephadex A-25 column that was equilibrated with the same buffer. The protein eluted from the column under these conditions was desalted on Sephadex G-25 in 1% ammonium bicarbonate and then lyophilized. Upon immunoelectrophoresis at 2% protein concentration it reacted by forming one strong precipitin line with yl electrophoretic mobility when tested against polyvalent antisera to whole human serum (produced in horse, Hyland Laboratories, Los Angeles, Calif., and Behring-Hoechst Pharmaceutical Co., Kansas City, Mo.). The protein belonged to the IgA2 subclass, with X chains covalently linked to heavy chains, and had a sedimentation constant of 9.5 S, as characterized previously (19) .
After cleavage of disulfide bonds by reduction and alkylation or oxidative sulfitolysis (18) , J chain was detectable as an anodically moving protein upon examination by immunoelectrophoresis with the use of a monospecific anti-J-chain serum (20) and by disc electrophoresis under alkaline pH, in the presence of 10 M urea (21) .
Preparation of Polypeptide Chains and CNBr Fragments. To obtain a and L chains, totally reduced and alkylated (iodoacetamide) (18) IgA was gel filtered through a Sephadex G-200 column (2.6 X 100 cm) in 5 M guanidine -HCl. The J chain was found in the L-chain fraction when examined by alkaline urea disc electrophoresis (21) After 24-hr hydrolysis of the peptides in constant-boiling HCl at 1080, amino acid analyses were performed on a Beckman 120 C amino acid analyzer modified for single-column, high-speed analyses. Corrections due to losses of threonine and serine during hydrolysis were 5 and 10%, respectively (20) .
Cysteine was determined as cysteic acid after performic acid oxidation (23) . Carbohydrate analyses were done by gas chromatography of alditol acetates of neutral and amino sugars. The conditions and equipment used for the determinations were described (25) .
Ultracentrifigation. Molecular weight values were determined by sedimentation equilibrium in a Beckman model E ultracentrifuge equipped with an electronic speed control, absorption optics, and a photoelectric scanner (8) . An An-F rotor and 12-mm cells were used in all experiments. The light source monochromator was set at 280 nm and the temperature was regulated at 200. The sample column height was 3 mm.
Equilibrium was judged to be established when there was no change in the slope of the logarithm of the absorbance (A) plotted against the square of the distance from the center of rotation (r) over a minimum of 4 hr. Prior to analyses, the proteins were dialyzed into.5 M guanidine-HCl. The partial specific volume used in calculating apparent molecular weights of proteins containing J chain was assumed to be the same as that of purified J chain (0.705 ml/g). This value was calculated from its amino acid and carbohydrate composition (8) .
RESULTS
Fragments derived from IgA by CNBr cleavage were resolved into three fractions when subjected to gel filtration on Sephadex G-200 in 5 M guanidine-HCl (Fig. 1) . Material with the electrophoretic mobility and antigenic determinants of J chain was present in fraction II ( Fig. 1 ) but absent from the first fraction, which lacked polypeptide with J-chain properties, whether untreated or reduced and. alkylated. Other peptides detected in fraction II by both sodium dodecyl sulfate and alkaline urea disc electrophoreses were removed by chromatography on DEAE-Sephadex (20) . The protein obtained at the elution position of J chain was desalted, lyophilized, and rechromatographed on Sephadex G-25 in 5 M guanidine. HCl. A single symmetrical elution peak was observed (fraction Al, Fig. 2A ). The latter appeared as a single component by electrophoreses in sodium dodecyl sulfate and pH 9.4 (in 10 M urea). Sedimentation equilibrium studies were performed on duplicate samples of fraction Al at two speeds (20,000 and 24,000 rpm). The samples were homo- genous, as indicated by linear plots of log A versus r2 (Fig. 3) , and essentially identical values were obtained at both speeds. The average molecular weight, and its standard deviation, as determined in this series of four experiments was 17,000 + 100. This value was significantly higher than the value of 15,600 i 200 determined for J chain that was purified from the polymeric myeloma IgA used in this investigation and examined under the same conditions (8) . Peptide maps of J chain and fraction Al were identical except for the presence of an additional peptide with slow electrophoretic mobility in fraction Al (Fig. 4) . The amino acid and carbohydrate compositions of fraction Al strongly resembled those of isolated J chain (Table 1) ; however, levels of aspartic acid, threonine, glutamic acid, glycine, and alanine were consistently slightly higher in fraction Al than in J chain. The amounts and proportions of individual carbohydrates in both samples were similar.
Fraction Al was totally reduced and alkylated and then subjected to gel filtration through Sephadex G-25; three fractions were obtained (Fig. 2B) . Sedimentation equilibrium analysis of the first and largest fraction (Bi) in 5 M guanidine-HCl at 20,000 rpm indicated the presence of a small quantity of heterogeneous material with higher molecular weight. The plot of log A versus r2 demonstrated slight upward curvature near the bottom of the cell. A molecular weight of 13,400 was calculated from the linear portion of the plot for each of three samples having an initial absorbance of 0.62 at 280 nm. The peptide map of this fraction was comparable to those of Al and J chain except for the absence of peptides that exhibited slow electrophoretic mobility at pH 3.6 (Fig. 4) . The amino acid and carbohydrate compositions of fraction B1 resembled those in J chain (Table 1) chromatography on a longer Sephadex G-25 fine column (1.6 X 60 cm) equilibrated in 5 AI guanidine HCl. The amino acid composition of B2 revealed that homoserine was absent from this fraction; the probable numbers of residues are listed in Table 1 . The composition of the fraction B3 revealed the presence of eight amino acids in approximately equimolar amounts, with the exception of tyrosine (Table 1) ; homoserine was also absent from this fraction. The composition of fraction B3 strongly resembled that of the C-terminal octapeptide of the a chain (26) . To verify the possibility that fraction B3 was derived from the C-terminal octapeptide of a chain, and to determine the origin of peptides present in fractions B3 and B2, the following steps were taken: a and J chains were totally reduced and alkylated, cleaved with CNBr, and then subjected to gel filtration on Sephadex G-25, to amino acid analysis, and to high-voltage electrophoresis. The small peptide that was released by CNBr cleavage of totally reduced and alkylated J chain (fraction C2- Fig. 2C ) was shown to be the same as that from fraction B2, since both peptides were eluted at the same position on Sephadex G-25, had similar amino acid compositions, including the lack of homoserine, and displayed identical electrophoretic mobility. Thus, both fraction B2 and C2 are derived from the C-terminus of J chain, and contain approximately 18 amino acids; however, this number might be as low as 13 amino acids, contingent upon the determination of the molecular weight (Table 1) . Peptides of low molecular weights from several consecutive gel filtrations of CNBr-cleaved a chain were pooled and then refiltered through the same column of Sephadex G-25 (Fig. 2D) . Fractions D2 and B3 were eluted at the same position, had an amino acid composition (Table 1) essentially identical to each other and to the C-terminal octapeptide of the a chain described by Prahl et al. (26) . Homoserine was absent from both fractions. By high-voltage electrophoreresis, the mobility of the peptide that was present in both fractions B3 and D2 was identical.
DISCUSSION
On the basis of the properties of peptides present in a fragment released from a polymeric myeloma IgA by CNBr cleavage, it was concluded that this fraction (Al) contained J chain attached by disulfide bonds to the C-terminal octapeptide(s) of the a chain. A plausible arrangement of the peptides that compose fraction Al is shown in Fig. 5 . The Cterminal (B2 and C2) and the N-terminal (Bi) peptides of J chain were separated as a consequence of reduction, indicating that the single cysteine residue of B2 fraction participated in the intra-J-chain disulfide bond, rather than being involved in a disulfide bond linking J chain to a chain. Of note is the presence of three proline residues in this fraction. The Cterminal amino acid has been identified as aspartic acid (Zikan, J., unpublished observation). However, the number of amino acid residues expected might be as low as 13, when amino acid compositions of B2 and C2 are considered as a base. These two peptides would contain the following residues: 2 aspartic acid, 2 threonine, 1 glutamic acid, 2 proline, 2 alanine, 1 valine, 1 leucine, 1 tyrosine, and 1 cysteine. The carbohydrate moiety of J chain is found in the large N-terminal CNBr fragment (Bi). The N-terminal residue is blocked (27, 28) . The third peptide (B3) that was released from Al upon cleavage of disulfide bonds was eluted from Sephadex G-25 at the same position as the C-terminal octapeptide of the a chain (D2); the electrophoretic mobility and amino acid composition of both fractions were identical. The amino acid composition and sequence of the C-terminal octapeptide of the a chain were previously reported by others (26, 29) . The amount of C-terminal tyrosine was lower than anticipated. This observation was confirmed in our investigation. The only (23) . t Tryptophan was determined by magnetic circular dichroism spectra (8) . § Values are the average of nine analyses of three preparations of J chain (Fel) (25) and two analyses of fraction Al and B1. In the case of carbohydrates, % indicates the amount of carbohydrates per total J chain mass.
¶ The number might be 13 (for explanation see Discussion). (26) reported that cleavage of disulfide bonds, in addition to the CNBr treatment, was necessary for the release of Cterminal octapeptide from monomeric or polymeric IgA. It was suggested that the penultimate cysteine might be involved in the formation of an asymmetric intra-or inter-heavy chain disulfide bond. The association of polymeric IgA with J chain might also prevent the spontaneous release of the C-terminal octapeptide. The number of C-terminal octapeptides found in fraction Al has not been positively established; however, according to the amino acid composition (Table 1) and molecular weights of Al, BEl, B2, and B3 fragments, the Al fraction would most probably include two C-terminal octapeptides of the a chain. Likewise, the location has not been established for the remaining cysteine residues involved in either the intra-or inter-chain bonding of fraction B 1.
The C-terminal octapeptide of a chain is a part of the 19 amino acid residues that extend beyond the carboxy-terminal residue of the Sy and e chains (29) (30) (31) . The, chain also contains an additional 19 residues (29, 32) 
